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INTRODUCTION: GEANT4 BACKGROUND

* Models the interaction of particles with matter
« Wide breadth of scope

* Education

» Medicine

* Space and Radiation

 High Energy Physics

* Everevolving




EVOLUTION AND IMPROVEMENT

 All aspects in scope of critical importance
 Constantly Improving
« One major release per year

 Several minor releases per year (average about 3)

 Validation Library
 Keep track of improvements between releases
 Data base which houses experimental and simulation data
 Graphs stored as image blobs — becoming cumbersome

e Currently working to present data dynamically at the user’s request




SOFTWARE TOOLS

* NetBeans 8.0 Integrated Development Environment (IDE)
* Provides framework within which to edit, compile, and debug code
*  PrimeFaces 4.0
« Library providing rich, easily configurable user interface components
 JavaServer Faces (JSF) 2.0
 Framework for constructing user interfaces with components
* PostgreSQL Database

- Database within which the raw data and static images are stored




SOFTWARE TOOLS

 Java

* Object oriented programming language with pre-defined classes and class
objects

» JFreeChart

 Chart viewing program which runs directly from Java
 JavaScript

« Client side data parsing language compatible with web browsers
« HighCharts

 JavaScript based chart viewing program
«  XHTML

»  Webpage formatting language




METHODS
AT A GLANCE
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PROGRAMMING METHODS
|B]=

«  All Programming, regardless of language, protocol, or tool kit was completed within the
NetBeans 8.0 IDE.

Provides immediate feedback for coding discrepancies

Displays compiler read out to easily locate the position of compiler errors

Displays system read out statements for debugging

Capability to display project on built in browser or external browser.
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PROGRAMMING METHODS
WEB PAGE

«  XHTML main framework within which all other web page programing structured
« JavaScript used to parse data, complete actions, and fill HighCharts
» Heavy reliance on PrimeFaces 4.0 for easily configurable Ul components

JSF component library utilized where necessary

<SCript>
process = function()
g

oW . open( y
1t.login.setAttributel
1t.login.setAttributel

ocument.lTogin.submit();

http-equiv=

</ f: facet:
</h:head:>

<h:body id="showdataForn">

<p:Tayout fullPage=

<p:layoutUnit size= resizable= collapsihle=
<img id="res src height= width=




PROGRAMMING METHODS
MANAGED BEANS

« Managed Beans act as an intermediary to send request parameters to the Object Class
and parse returned data into a usable format

« The data is then displayed presented on a JFreeCharts plot backed by a Java servlet and
also passed back to the XHTML page
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PROGRAMMING METHODS
OBJECT CLASS

»  Object classes define non-Java items in such a way that Java can manipulate them.
» They receive parameter values from the managed bean; typically a string or integer.

« These values are placed into a prepared SQL statement which the object class passes to
the database.

» They then iterate over the database responses and define them for further parsing before
passing them back to the managed bean.

@0verfide

etNString(i));

~viceAdapterInpl.class.getName()). log(Level . SEVERE, null, ex);
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RESULTS

 Each individual, complete method functions as intended; however, they are
not yet assembled into one coherent web application.

Reaction: piminus on target

A Secondary
o ®  Produced

100 1110 120 130 140 150
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RESULTS: DATABASE STATISTICS

# Applications Places System

File Edit View History Bookmarks Tools Help

[1(no subject) - knbarnet@ema... % U Outlook Web App

G4 Database

* |i_i G4 Database statistics

tistics - Mozilla Firefox

x| i iNew Tab

G4 Database statistics x II Lt

| @ 1ocalnost:2080/primeraces/faces/DBstatistic:

- @“ |B' G

|,v,ﬁ[:]|v»’v

' Geant 4 database statistics

Left Test Setups
Demos and Resources

Select target matrial
and overlay
experimental data
demo

Select and overlay
experimentalitest data

demo Types of Public Tests

Display some database
statistic

electromagnetic
hadronic
LHC-feedback

Single exp data curve

Static overlay demo for
given target

Static overlay demo
Pie Dema
Primefaces Demo

Primefaces
Documentation

Primefaces Themes

Types of Internal Tests

electromagnetic
hadronic
LHC-feedback

Test Results (all)

Number of Each Type
18

6067

18

Number of Each Type
274

11807

0

Public Tests

electromagnetic
hadronic 9904
LHC feedback

electromagnetic
hadronic

LHCfeedback

Internal Tests

(@]~ @ cawenapp - NetBeans IDE 8.0

| & Ga Database statistics - Mozila Firefox |




RESULTS: TOP SELECTION

Applications Places e

Mozilla Firefox
Fle Edit View History Bookmarks Tools Help

rimeFaces [

ct.xhtml

p.data
p. data
Franz exp. data

Franz kelly

franz Madey et al

bmit

PrimeFaces - Mozilla Firefo;

NAGL
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RESULTS: REFINE BY TARGET

Applicatiol Places System ﬂ]

aces - Mozilla Firefox
Edit View History Bookmarks Tools

rimeFaces

' Geant 4 overlay web application demo

Left Descrip[ion Neutron-induced production of protons, deuterons and fritens in Copper and Bismuth.

Demos and Resources

Reference Nuclear Physics A510 (1990) 774-802 (Franz, et. al.)

data. splay chart data in a table

p. data

P datia Targets Secondaries ~  Reactions ~  Beam Energy - &Colmfts

Neutron Ind

Reactions

Beam Energy
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Place: System
PrimeFaces - Mozilla Firefox
File Edit View History Bookmarks Tools

rimeFaces [

Fr

v Geant 4 overlay web application demo

Left Description Neutron-induced production of protens, deuterons and tritons in Copper and Bismuth.

Demos and Resources

Reference iclear Physics A510 (1990) 774-802 (Franz, et. al.)
ek e

p. data.

. data
Targets =  Secondaries -~  Reactions ~  BeamEnergy ~

Franz data

Resulting Plot{
Fran

| Submi
try high

try highl
L upload

upload

Secondaries Reactions Beam Energy

kting Plot}

neutron

bmit ngl
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Place: System

Edit View History Bookmarks Tools

rimeFaces

' Geant 4 overlay web application demo

Left Descrip[ion Neutron-induced production of protons, deuterons and fritens in Copper and Bismuth.

Demos and Resources

Reference Nuclear Physics A510 (1990) 774-802 (Franz, et. al.)

data. splay chart data in a table

p. data
p. daia

Targets -~  Secordaries -  Reactions ~  Beam Energy -

Resulting Plots

Beam Energy

S on target

Neutron

PrimeFaces - Mozilla Firef
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Place: System

Edit View History Bookmarks Tools

rimeFaces

' Geant 4 overlay web application demo

Left Descrip[ion Neutron-induced production of protons, deuterons and fritens in Copper and Bismuth.

Demos and Resources

Reference Nuclear Physics A510 (1990) 774-802 (Franz, et. al.)

data. splay chart data in a table

p. data

p. data.
Targets -~  Secordaries -  Reactions ~  Beam Energy -

Resulting Plots

Beam Energy

14 [GeVic

PrimeFaces - Mozilla Firef
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RESULTS: DYNAMICALLY CREATED PLOT

# Applications Places System %(ﬁ\

& PrimeFaces - Mozilla Firefox

Ele Edit View History Bookmarks Tocls Help
[Inbox (382) - knb... X ” = javascript - Submi... % “"Post aformtoap. X u = How do | submit a... * ”

| @ 10calhost:3080/primeraces/faces/FranzwPopup . xhtmi * & | |F> <rorm=> input types

Resulting Data - Mozilla Firefox

localhost /primefaces andle xhtrl

' Geant 4 overlay web appl Beam Secondary

Reaction Target Energyor Name
e i Produced

Left Description = Neutron-induced production of protons, deuterons | beam on Cu 477 [MeV/c] franz = deuteron X Value

M target -> Error
Pemos and Resources Reference  Nuclear Physics A510 (1990) 774-802 (Franz, et. 4 E(MeVic) 5 x
Y X+ of sec.

|fllic‘.k to d\sp\ay char data in a table. seconday,

NAAY exp. data | Display | theta = 49.0 0.0

68[deg] 55.0 0.0
65.0 0.0

Resulting Plots 75.0 0.0

Tests exp. data

MABL exp. data
Targets Secondaries - Reactions - Beam Energy -
Franz exp. data
Franz kelly
Submit Que

wy ign | Submit Query J 85.0 0.0
try highl 95.0 0.0
XML upload 105.0 0.0

faces upload

115.0 0.0
* o Fscfcl 1 ]ajfcs

Display some database
statistic

186
# Neutron beam on target -= X + seconday, theta = 68[deg] (Bi) producing deuteron at 477 [MeVic].: 4.823

Display Tag Cloud
panel Menu

test47

DisplayTest
MultiSelectListBox
Single exp. data curve

Static overlay demo for 50 1] 25 50 175
given target E(MeVic) of sec.

Static overlay demo

Footer

x Find |type | 4 Previous P Next Highlight all [] Match case

x

(4= © Gawebapp - NetBeans DE 8.0 || @ PrimeFaces - Mozilla Firefox || @ Resulting Data - Mozilla Firefox |




DISCUSSION: GEANT4 VALIDATION

 Precise liquid argon modeling crucial due to use in future experiments
* LArIAT
» MicroBoone

- LBNE =N —+— 10 GeV, RM: 10.8 cm

100 GeV, EM: 10.9 cm
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DISCUSSION: GEANT4 VALIDATION

» Geantd is the current standard for modelling physical interaction, and popularity is
growing.

« As the user base increases, so must ease of use as well as number of tests.

n [542 MeV]+ CU -= d @ 54 degree n [542 MeV]+ CU -= d @ 68 degree
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CONCLUSION

« Discussed
* What Geant4 is and it's implications
» Current application being created
» Materials and Methods
* Results and Discussion
«  Continuous validation is key to improvement
* Expanding the validation library is the only means by which to do that

* A more diverse, robust validation library from which to draw upon will attract a wider
audience
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APPENDIX: SUPPLEMENTAL MATERIAL
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EXAMPLE IN MEDICINE: PROTON THERAPY

Bethe-Bloche equation describes the stopping power as a function of the change in
energy of the bean per change in distance and

) — K72 Z 1 [1 In 2mec? B2y * Tmax . ,82 N S(ﬁ]/)]
dx AB?12 12 y
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EXAMPLE IN MEDICINE: PROTON THERAPY

A Bragg Peak is the point at which an element looses momentum and deposits most of its
energy.

By varying the beam intensity over time, the Bragg Peak can be spread out.
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LIQUID ARGON

p (density)

R;; (Moliere Radius)

X, (Radiation Length)

Z (Atomic Number)

A (Atomic Weight)

|A (Nuclear Interaction Length)




GEANT4 SIMULATION OF EM SHOWER IN LIQUID
ARGON

* 10 GeV Beam

* Liquid Argon Target
* Radius: 3m
* Length: 6m
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TRANSVERSE ELECTROMAGNETIC SHOWER
PROFILE

Radius within which 90% of the interactions occur

Literature: 9-11 cm [
Geant4; 11.31 cm
R R

F(z)= ae Rm + Be *min [
a = short depth parameter
 Dominates within the Moliere Radius
* [ = long depth parameter
« Dominates beyond the Moliere Radius

|t is important to note the parameters of the double exponential formula are
highly correlated, so one must carefully interpret the 11.32 cm.
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TRANSVERSE ELECTROMAGNETIC SHOWER
PROFILERADIUS (My)

 Primarily energy independent except at tails ends

—&— 1 GeV

—a4+— 10 GeV, BRM: 10.8 cm

100 GeV, RM: 10.9 cm
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LONGITUDINAL PROFILE

Z
dE Z\% -pB(=
° qt = EO (X—) e B(XO) [2] Energy deposit of electrons as a function of depth in liquid Argon
0

- Radiation length (X,)

» (Characterizes the material

—B— 1 GeV, showermax at 40 cm

—4— 10 GeV, showermax at 70 cm
100 GeV, showermax at 105 cm

—— 1000 GeV, showermax at 137 cm

*  When used as a unit of

measure, produces the

S
0
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0
e
7
0
N
g
E
1
3
c
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o

same curve regardless of

the target material
«  Fitfor X,

« 12 (10 Gev)

- 13.7 (100 GeV)

- 14.6 (1000 GeV)
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SHOWER MAX (Tjyay)

 Depth at which the maximum energy is deposited.

— 1nEo _ 112 (Rule of thumb)
tmax = In £ 1 «

Cc

By nature, “rule of thumb” is imprecise

Manual Calculation (cm)
G4 (cm)
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SHOWER MAX (Tyax)

Ln (EO/Ec) vs. Shower Max [cm] for Simulation and Rule of Thumb
Calculation

+ tmax (lit)
y =14.158x - 8.3634
tmax (sim)
—Linear (tmax (lit))

y =13.993x-13.99 Linear (tmax (sim))
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